Abstract: Understanding divergent adaptation and ecological speciation requires the synthesis of multiple approaches, including phenotypic characterization, genetics and genomics, realistic assessment of fitness and population genetic modelling. Current research in this field often approaches this problem from one of two directions: either a mechanistic approach-seeking to link phenotype, genotype and fitness, or a genomic approach-searching for signatures of divergence or selection across the genome. In most cases, these two approaches are not synthesized, and as a result, our understanding is incomplete. We argue that research in adaptation and evolutionary genetics needs to integrate these approaches for multiple reasons, including progress towards understanding the architecture and evolutionary history of adaptation and speciation loci, the ability to untangle linkage and pleiotropy, increased knowledge of mechanisms of genomic evolution and insights into parallel evolutionary events. Identifying the genetic underpinnings of adaptation and ecological speciation is not necessarily the end goal of research, but it is an integral part of understanding the evolutionary process. As a result, it is critical to utilize both genetic and genomic approaches. Challenges remain, particularly in nonmodel organisms and in our ability to synthesize results from multiple experimental systems. Nonetheless, advances in genetic and genomic techniques are increasingly available in a diverse array of systems, and the time is ripe to exploit the synthesis of these two approaches to increase our understanding of evolution. Understanding divergent adaptation and ecological speciation requires the synthesis of multiple 16 approaches, including phenotypic characterization, genetics and genomics, realistic assessment of 17 fitness, and population genetic modelling. Current research in this field often approaches this 18 problem from one of two directions -either a mechanistic approach, seeking to link phenotype, 19 genotype, and fitness -or a genomic approach, searching for signatures of divergence or selection 20 across the genome. In most cases these two approaches are not synthesized, and as a result our 21 understanding is incomplete. We argue that research in adaptation and evolutionary genetics needs 22 2 to integrate these approaches for multiple reasons, including progress towards understanding the 23 architecture and evolutionary history of adaptation and speciation loci, the ability to untangle linkage 24 and pleiotropy, increased knowledge of mechanisms of genomic evolution, and insights into parallel 25 evolutionary events. Identifying the genetic underpinnings of adaptation and ecological speciation is 26 not necessarily the end goal of research, but it is an integral part of understanding the evolutionary 27 process. As a result, it is critical to utilize both genetic and genomic approaches. Challenges remain, 28
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INTRODUCTION 33
The concept of ecological speciation intimately links divergent selection and adaptation to 34 the origin of different species. Divergent adaptation and ecological speciation (hereafter A&S) are the 35 consequences of divergent selection imposed by the local environment, population demography, and 36 genetic architecture of traits that affect organismal fitness (Schluter 2001; Nosil 2012). Although 37 much progress has been made in each of these areas, particularly due to recent sequencing 38 advances, fewer attempts have been made to integrate these areas in one study system. This can be 39 seen from the often divided A&S research programmes: a) study of the molecular mechanisms of 40 A&S, which focuses on identifying genetic and biochemical mechanisms underlying adaptation; and 41 b) ecological speciation/adaptation genomics, which focuses on how natural selection drives 42 divergence of specific genomic loci. While both molecular adaptation and speciation genomics 43 approaches have provided valuable insight into the genetics underlying A&S, these two approaches 44 are rarely combined: molecular adaptation studies of targeted loci are rarely expanded to a genome-45 wide and population scale, and genome scans for signatures of selection and divergence are rarely 46 followed up by in-depth molecular work. Below, we argue that these two research programmes have 47 their own strengths and limitations, but are complementary to each other in studying A&S. 48 Therefore, we propose that integration of these two research areas is needed for a more complete 49 and unbiased understanding of the processes of A&S. In addition, we identify the key challenges and 50 opportunities that will arise for integrating approaches to the study of molecular and genomic A&S 51 (Figure 1) . 52
MOLECULAR ADAPTATION AND SPECIATION GENOMICS 53
The modern synthesis, in uniting genetics and evolution, suggested that evolutionary 54 processes could have a known genetic basis and provided an impetus to identify the molecular basis 55 of A&S (Kutschera & Niklas 2004) . Today, the molecular study of adaptation ranges more broadly, 56
In contrast to the forward genetics approach, the genomic adaptation approach ("population 106 genomics" sensu Stinchcombe & Hoekstra 2008) aims to directly identify putative adaptive loci in the 107 genome by searching for molecular signatures of selection between populations or closely related 108 species (akin to a reverse genetics approach). Rather than considering the molecular basis of 109 adaptation in just the context of one or a few genes or pathways, an ecological speciation/adaptation 110 genomics approach allows us to query the genomic landscape of these processes; this process is 111 aided by recent advances in "omics" approaches, including the relative ease of sequencing and 112 assembling genomes or transcriptomes of different populations and the ability to scan the diverse 113 array of proteins and metabolites produced in specific conditions. The advantage of this approach is 114 the ability to directly search for end products (or footprints) resulting from the A&S process, and it 115 also provides an unbiased way of detecting loci that are under selection. For example, many genomic 116 loci might be under selection due to specific environmental conditions or agents of selection that 117 cannot be measured or replicated in current experimental setups (MacColl 2011), thus will likely not 118 be identified through the forward genetics phenotype-genotype-fitness approach. 1: Challenge 5). This prevents further study of why and how those loci contribute to the A&S process, 144 which is often the primary goal of evolutionary studies. 145
BENEFITS OF AN INTEGRATIVE APPROACH 146
These molecular and genomic approaches are complementary to each other, and integrating 147 them in one system will provide a more complete understanding of A&S processes as well as offering 148 context to these approaches. The idea of combining molecular and genomic approaches has been 149 proposed previously (Stinchcombe & Hoekstra 2008), but research doing so has so far been limited to 150 only a few systems (see examples in Box 1C). For much of the research on the molecular basis of 151 adaptation, which is often limited to a single-gene context, adding an adaptation genomic view will 152 provide greater mechanistic understanding of how and why a given gene was (or was not) under 153 selection (Box 1A). For example, a gene identified via linkage or association mapping may interact in a 154 regulatory or biosynthetic network with other genes in the genome, or may share common 155 regulatory elements with linked loci -in other words, the genomic context may be critical to 156 understanding the gene's function (Dewey 2011). Such linked genes may contribute to the process of 157 A&S, and will be missed with a focused molecular approach, whereas a selective sweep may be 158 picked up with a genome-wide scan. Furthermore, combining molecular adaptation and genomics 159 may facilitate rapid identification of causal mutations that contribute to adaptation. Traditional 160 mapping and more recent genome-wide approaches to the identification of genes underlying 161 adaptive traits both often result in a large number of candidate genes. Functionally testing each 162 individual gene is costly and time consuming, yet it is only by assessing the function of the most 163 promising individual genes that we can make firm conclusions about their contribution to adaptation, 164 and the physical properties that favoured specific variants (Harms & Thornton 2013 Similarly, ecological speciation genomics benefits from incorporating a more focused 184 molecular view. Many current analyses of speciation genomics stop at the genome scan or 185 annotation level, which may result in markers potentially linked to A&S, but not the actual genetic 186 underpinnings of these processes or the identification of specific candidate speciation genes (if they 187 exist) (Box 1B). In our opinion, there are a number of new insights that can be gained from identifying 188 Understanding the molecular functions of candidate genes from either the molecular 246 adaptation or the ecological genomics approach remains a serious problem, particularly as many 247 non-model systems lack the extensive genetic and laboratory resources necessary to tackle these 248 issues; however, as with the development of genetic resources, techniques for studying candidate 249 gene functions are continuously improving. Choice of study system plays a large role here, while at 250 the same time limiting research to tractable systems may not reflect the majority of biological reality. Assessing the fitness or isolation effects of candidate genes in an ecological context in the field (i.e. in 281 natura) also remains a serious challenge, particularly with genetically modified organisms; in some 282 cases, understanding the genetic basis of a phenotype may be combined with manipulative 283 experiments to test selection on that specific phenotype (e.g. Xu et al. 2012a ). Different drivers of 284 divergent adaptation (e.g. abiotic and biotic factors) and different speciation contexts (e.g. allopatry 285 versus sympatry) also will change the significance of a given phenotype and genetic/genomic 286 combination. During early phases of divergence, when selection possibly directly acts on few genes 287 (Feder et al. 2012) , the relative importance of these genes for species divergence is increased. 288
Therefore, biochemical and molecular constraints to the evolution at these focal loci may become 289 directly important for the process of speciation by facilitating or constraining divergence. Challenge 2 Environment Natural history Figure 1 
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